Volatile components of oregano (Origanum vulgare L.) were extracted using headspace adsorptive microextraction and were analyzed by gas chromatography-mass spectrometry. Novel polyaniline-nylon-6 nanocomposite was used for headspace adsorptive microextraction due to its suitable characteristics. Multivariate curve resolution-alternating least square was applied for resolving the co-eluted gas chromatography-mass spectrometry peak clusters into pure chromatograms and mass spectra. Problems such as low signal-to-noise ratio of peaks and noisy data were handled with the aim of chemometrics. Chemicals of γ -terpinene, p-cymene, thymol, and carvacrol are the main components among 48 identified components of oregano fragrance. The volatile components of the fragrance and the essential oil of oregano were compared in term of chemical components and relative percentages points of view. The reproducibility in peak responses was investigated using three replicate experiments for the fragrance and the essential oil samples. The results proved that headspace adsorptive microextraction, gas chromatography-mass spectrometry, and multivariate curve resolution techniques could be useful to extract and analyze natural aromas and fragrances.
INTRODUCTION
Oregano (Origanum vulgare L.) is an important aromatic plant widely produced in many countries for flavoring foods. [1] Oregano leaves and its essential oil were used in the food, drink, perfume, and cosmetics industry due to its pleasant and highly desirable aroma. [2, 3] Historically, the composition of oregano leaves has been studied using leaves oils obtained from hydrodistillates of the leaves. [4, 5] This approach produced samples with high volatile concentrations which were necessary for extraction and identification technologies available at that time. However, the heat applied during this process and long extraction time produced oils whose smell bore only limited resemblance to the original leaves. However, it is no longer necessary to prepare the essential oil as analytical detection limits have lowered. Leaves volatiles can now be analyzed using headspace techniques which do not 1614 ASADOLLAHI-BABOLI AND AGHAKHANI require heating and will more closely reflect the leaves' native volatile profile. Headspace adsorptive microextraction is a promising strategy due to high surface to volume ratio, high porosity, suitable functional groups, and cost effectiveness. [6] In the present contribution, polyaniline-nylon-6 (PANI-N6) nanocomposite was produced with electrospinning method and was applied for the headspace adsorptive microextraction of the volatiles of oregano fragrance. [7] The best technique for analyzing the volatile components of oregano is gas chromatographymass spectrometry (GC-MS). The low limit of detection, the high sensitivity, and the possibility of identifying a great number of analytes makes this technique an appropriate choice for analyzing complex samples. [8] However, analysis of GC-MS data is sometimes hampered by different problems mainly the probability of peak overlap especially for the highly complex samples. Other fundamental problems such as low signal-to-noise (S/N) ratio of peaks, varying baseline due to column bleed, and noisy data can be hard to handle with traditional tools of data analysis. [8] Therefore, handy data analysis techniques are needed for having a complete extraction. Fortunately, it is possible to resolve the chemical components in a mixture by means of chemometric resolution techniques. [9] In this work, morphological score, orthogonal projection approach (OPA), fixed size moving window-evolving factor analysis (FSMW-EFA), simple-to-use interactive selfmodeling mixture analysis (SIMPLISMA) and multivariate curve resolution-alternation least square (MCR-ALS) were applied to improve the resolution, qualification, and quantification of co-eluted compounds in GC-MS peaks. [10−12] There is little information available on the volatile composition of oregano fragrance. To the best of our knowledge, this is the first study that reports the volatile components of the intact oregano. Therefore, the primary objective was to identify the volatile components of oregano fragrance using adsorptive microextraction, GC-MS, and chemometrics. The chemical composition of oregano essential oil is reported in previous studies without using any chemometrics tools. Therefore, a secondary goal was to compare the chemical compositions of the fragrance and the essential oil of oregano with the aid of chemometrics.
MATERIALS AND METHODS

Materials and Reagents
Oregano leaves collected from the zone of Chalus in Mazandaran province of Iran (south of Caspian Sea) and dried at 25
• C in the absence of light until constant weight. The dried leaves were kept at 4
• C in the absence of light until their analysis. All solvents used in this study including ethylacetate, acetone, ethanol, formic acid, chloroform, and hexane were of analytical reagent grade and were obtained from Merck Co. (Darmstadt, Germany). Ammonium peroxodisulphate and Aniline was obtained from Merck. Nylon-6 (N6) was purchased from Kolon Industries Inc. (Seoul, Korea).
Preparation of PANI-N6 Nanocomposite
First, 0.25 g of N6 was dissolved in 1 mL of formic acid. After dissolving the 0.1 g of ammonium peroxodisulphate salt to this polymeric solution, the aniline monomer (0.5 g) was added to the solution and the mixture was stirred to obtain a homogenous solution. The aluminum foil (10 × 10 cm) collector and the polymer containing syringe needle were connected to the high voltage power supply terminals. A voltage of 16 kV was applied for the nanofibers production while a flow rate of 1.5 µL min −1 was set for the syringe pump to deliver the polymer solution. The electrospinning experiments were performed under the ventilation for 12 h. After the electrospinning experiment, a sheet with a typical dimension of 1 × 1 cm, was cut from the central part of the Al foil employed for headspace extraction. The procedure and characteristics of the nanocomposite was explained in the work of Bagheri and Aghakhani in details. [7] Headspace Adsorptive Microextraction and Essential Oil Extraction Prior to the extraction, the PANI-N6 nanocomposite was conditioned in ethanol for 10 min. Oregano leaves (4 g) were placed into a 50 mL glass vial with nanocomposite above it to collect volatiles for 30 min at room temperature (25
• C). After the extraction, the nanocomposite was folded and inserted inside a 5 mL glass vial for solvent desorption using 2 mL of ethylacetate for 10 min and was concentrated by a gentle flow of nitrogen up to 0.5 mL. This procedure was also performed using methanol, acetone, chloroform, ethylacetate, and hexane as desorption solvent. The final organic extracts were stored at 4
• C in the absence of light and eventually an aliquot of the 1 µL for each organic extract was injected into the GC-MS. For essential oil extraction, oregano leaves (25 g) were completely immersed in 500 mL double distilled water and subjected to hydrodistillation in a full glass Clevenger-type apparatus for 3 h. The oil (yield 1.12%, w/w) was collected, dried over anhydrous Na 2 SO 4 , and stored in a sealed vial at 4
• C until GC-MS analysis.
Apparatus
The organic extracts and the essential oil was analyzed using an Agilent HP-6890 gas chromatograph coupled with Agilent HP-5973 mass selective detector equipped with a 30 m × 0.25 mm HP-5MS fused silica column (0.25 µm film thickness). The MS was operated in the EI mode (70 eV). Helium (99.999%) was employed as carrier gas and its flow rate was adjusted to 1 mL min −1 . The GC column temperature was programmed from 60 to 220
• C at 3
• C/min and held for 20 min. The injector temperature was set at 230
• C in the split ratio of 1:5. Mass range scanned from 40 m/z to 440 m/z. A Brandenburg (West Midlands, England) regulated power supply and a KDS100 syringe pump (KdScientific Co., Holliston, MA, US) were used for electrospinning and the polymer solution delivery in the electrospinning process, respectively.
MCR Analysis
The exploratory analysis of chemical data such as chromatographic ones heavily relies on the use of multivariate data analysis. In particular, MCR is a widespread and powerful methodology for the analysis and decomposition of multi-way data into the bilinear model. The aim of the MCR is to extract the pure mass spectrum and chromatographic profile of each component from the original GC-MS data matrix. The detailed theories behind MCR procedure and associated resolution techniques are given elsewhere in details. [10−12] However a brief description of the MCR procedure is presented in this work to make the article more consistent and understandable. For each peak cluster, some preprocessing methods such as background correction, denoising, smoothing, and data scaling should be done on the input data. Moreover, chemical rank determination and local rank analysis must be performed before the resolution step. Morphological score and FSMW-EFA techniques were used as essential steps to assess chemical rank determination and local rank analysis, respectively. In the resolution step, MCR-ALS is used due to its flexible and reliable algorithm after applying proper constraints. This algorithm starts with initial estimates obtained by the SIMPLISMA until the concentration and pure spectra optimally fit in the experimental data matrix. Finally, resolved mass spectra were compared with those of mass libraries in order to confirm the quality and reliability of results. The above steps were performed for every overlapped peak cluster as a subset of the total ion chromatogram (TIC). Multivariate curve resolution of two-way chromatographic data (MCRC) software was used for preprocessing, chemical rank determination, local rank analysis, and MCR-ALS. [13] Other programs for the chemometric resolution methods were coded in MATLAB 7 for Windows by the authors.
RESULTS AND DISCUSSION
Headspace Adsorptive Microextraction Using PANI-N6 Nanocomposite Volatiles compositions of natural samples have been often examined using hydrodistillation. In this process, some thermal artifacts can be produced due to the heat applied during long extraction time. As a result, the aroma of extracted oils seldom represents the delicate natural aroma. In order to extract the volatiles of oregano fragrance in a more representative way, headspace analysis has been employed for the first time. In the present contribution, PANI-N6 nanocomposite was employed for headspace adsorptive microextraction to collect volatiles of oregano fragrance because of its high surface area, porosity, and different functional groups. Since PANI contains a conjugated structure, there is an expectation that it could efficiently extract low polar compounds such as hydrocarbon monoterpenes, hydrocarbon sesquiterpenes and phenolic ethers easily through π -π and hydrophobic interactions. As well, the functional groups (NH and C=O) in N6 make it suitable for extracting high polar compounds such as oxygenated monoterpenes, oxygenated sesquiterpenes, esters, and ketones easily through polar and hydrophilic interactions. In order to achieve the best performance, effects of desorption solvent (chloroform, ethanol, hexane, ethylacetate, and acetone) on the extraction efficiency were investigated as shown in Fig. 1 . The height of the bars in this figure represents the relative composition of oregano volatiles quantity in each desorption solvent in terms of peak area. Volatiles were categorized into five chemical groups consisting of monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons, oxygenated sesquiterpene, and miscellaneous compounds. The last group comprised aliphatic hydrocarbons, aromatic compounds, alcohols, esters, ketones, and aldehydes compounds. As shown in Fig. 1 , hexane was acting as the best choice for the desorption process. For each class of compound, the peak area is the highest using hexane as desorption solvent. The total peak area increase about 20% using hexane compare to acetone or chloroform. 
MCR Analysis of Oregano Fragrance
The TIC of the volatiles of oregano fragrance is shown in Fig. 2 . From this figure, it is obvious that the chemical composition of the analyzed sample is rather complicated. In this case, direct searching of mass spectrum library without further data processing may lead to incorrect identifications even if with all optimized experimental conditions. For instance, different compounds could be obtained at different scan points of a co-eluted peak using direct library searching. Besides, it is very difficult to identify a component with a low content since two-way data obtained by GC-MS usually contains some peaks associated with column background. [14] To solve these problems, the overlapped peaks and components with low contents can be resolved into pure chromatograms and mass spectra using MCR methods for the qualitative and quantitative analyses with satisfied reliability. The TIC was divided into chromatographic segments using zero component regions along elution sequence. According to the morphological score method [12] some of these chromatographic segments are single component peaks. These peaks can be easily identified and quantified by direct library searches. However, the main difficulties are in the case of peak clusters with overlapping compounds. In order to illustrate the resolution procedure using MCR method, peak cluster A was selected as an example from Fig. 2 and its local TIC is shown as a subset in this figure. Peak clusters A has scan number range from 1223 (10.22 min) to 1288 (10.51 min).
Denoising, baseline correction, and smoothing were first performed for the peak cluster A. Then the chemical rank of the peak cluster A was determined using morphological score plot as shown in Fig. 3a . It is clear from this plot that there are four components in this peak cluster. This was concluded by counting the number of singular vectors with the morphological scores upper than that of the noise levels. It should be noted that subspace comparisons (OPA-SIMPLISMA and PCA-SIMPLISMA) also confirm the same results. [15] In the next step, peak purity of two-way data can be Table 1 .
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ASADOLLAHI-BABOLI AND AGHAKHANI FIGURE 3 (a) Morphological score plot and (b) FSMW-EFA plot for peak cluster A after heteroscedastic noise correction.
determined using FSMW-EFA. The rank map obtained by FSMW-EFA of peak cluster A is shown in Fig. 3b after the heteroscedastic noise correction. In FSMW-EFA plot, the logarithmic curve of eigenvalues higher than the noise level represents the presence of a new constituent. From this plot one may obtain some information about the number of zero components, overlap and selective regions. This plot also shows that there is four components for the peak cluster A (marked by numbers) which strongly confirmed the results obtained from chemical rank determination. Finally, the FIGURE 4 Resolved chromatograms of peak cluster A using MCR-ALS method.
peak cluster A has been uniquely resolved into chromatographic profiles and mass spectra of related components using MCR-ALS. In addition, SIMPLISMA method was used for initial estimation together with non-negativity, unimodality, and selectivity constraints. The resolved chromatogram of the peak cluster A is shown in Fig. 4 . The components of the resolved peak cluster A can be identified by similarity searches using the National Institute of Standards and Technology (NIST) database. The components in the peak cluster A are o-cymene, p-cymene, limonene, and cis-ocimene with high reverse match factor (RMF) of 962, 981, 948, and 925, respectively. Also, the reliability of the results was confirmed by comparing the Kovats retention indices of the resolved components with those of the pure ones. The components in other peak clusters are resolved in a similar way. Table 1 shows the 48 identified components for volatiles of oregano fragrance using GC-MS combined with MCR. As well, the TICs of components having more than 1% of total concentration are indicated in Fig. 2 . Overall volume integration (OVI) was applied for computing the quantity of each component after implementing MCR. [16] For each component, the outer product of the concentration and spectrum vectors shows the total two-way response. The total amount of each component is proportional to the overall volume of its two-way response. The advantage of this method over the general peak area integration is that all mass spectra absorbing points are taken into consideration and much more accurate results can be reached. As well, it avoids the disadvantage that general peak area approximately treated by peak split. It should be noted that the relative amount of the extracted compounds is expressed as a percentage of the obtained peak area relative to the total area of all peaks of the TIC. The final relative quantitative results of the volatile components of oregano fragrance are listed in Table 1 having concentrations higher than 0.1%. It should be noted that it is not possible to perform quantitative analysis for co-eluted peaks without using MCR. The relative percentages of o-cymene, p-cymene, limonene, and cis-ocimene in the peak cluster A are 0.78, 18.25, 3.76, and 1.05. b Kovats retention indices in HP-5MS column in reference to normal alkanes; c Reverse match factor for the resolved MCR-ALS mass spectrum and the standard mass spectrum in NIST MS database; d Relative standard deviation (RSD) for three times repetition (n = 3).
Comparative Analysis of Oregano Fragrance and Its Essential Oil Table 1 shows the volatile components and the relative percentage of each component in the fragrance and the essential oil of oregano. Oregano essential oil was analyzed using hydrodistillation and GC-MS as described in experimental section. The chemical composition of the essential oil was also obtained using MCR and was tentatively identified using NIST. In addition, the reproducibility in peak responses was investigated using three replicate experiments (n = 3) for the fragrance and the essential oil samples. Kovats retention index (RI) for each component in HP-5MS was calculated and can be used as a complementary tool for the identification. The relative standard deviations (RSD), RMF, and RI for the components of both samples are presented in Table 1 . The results show that in oregano fragrance, γ -terpinene (21.45%) is the main component followed by pcymene (18.25%), thymol (13.52%), and carvacrol (11.62%). Oregano essential oil contains thymol (18.15%) as main component followed by carvacrol (17.33%), γ -terpinene (15.55%), and p-cymene (14.33%). There are some studies reports these major compounds in the essential oil as important
